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THE BIRD EGG IS A MARVEL OF NATURE. WHAT IS more fascinating than to see a fully-developed 
baby chick emerge from an egg? Just three weeks of 
incubation transforms a seemingly lifeless chicken egg 
into an active, living being. 
If you are interested in a science project for school 
or 4-H, none can be more interesting and informative 
than the study of the chicken egg and its development 
from the unincubated stage to the emergence of the 
chick from the shell. The developing chick in an egg 
is called an embryo, and a careful study of the differ­
ent stages of embryonic development will uncover 
many interesting facts. 
This circular has been designed to help you study 
incubation and embryonic development. Plans are 
included for two small, inexpensive incubators which 
you can make at home or school. Many small com­
mercially built incubators can be purchased at reason­
able prices. 
Incubation of eggs will show you the effects of heat, 
air, and moisture control on hatchability. But don' t 
stop your study with the incubation of eggs. Many 
other interesting aspects of the egg and the chick may 
be selected for study. For example you may want to 
find out how an egg is formed, what its different 
parts and their functions are, and how a chick embryo 
develops. And there are many other interesting topics 
you can investigate. 
Eggs have been incubated by artificial means for 
thousands of years. Both the Chinese and the Egyp­
tians are credited with originating artificial incubation 
procedures. The Chinese developed a method in 
which they burned charcoal to supply the heat. They 
also used the hot-bed method in which decomposing 
manure furnished the heat. The Egyptians constructed 
large brick incubators which they heated with fires 
right in the rooms where the eggs were incubated. 
Over the years incubators have been refined and 
developed to the point where they are almost com­
pletely automatic. The greatest development has 
occurred in this century. Modern commercial incuba­
tors are heated by electricity, have automatic egg­
turning devices, and are equipped with automatic con­
trols to maintain the proper levels of heat, humidity, 
and air exchange. Present-day commercial incubators 
vary in capacity from a few thousand to many thou­
sands of eggs, and they have made possible the devel­
opment of modern hatcheries which produce almost 
100 percent of all the chickens grown in this country. 
Both still-air and forced-draft incubators are used 
in hatcheries. However, all the new ones are forced­
draft; that is, they have fans to circulate the air. They 
are capable of maintaining more even temperature, 
humidity, and oxygen levels than still-air incubators. 
Many modern commercial hatcheries also use sepa­
rate setter and hatcher machines. 
CONSTRUCTING THE INCUBATOR 

An incubator for a science project need not be as 
elaborately constructed as a commercial incubator. 
Plans for two still-air incubators are given in this cir­
cular. One can be made from cardboard boxes and 
glass and the other from plywood (or similar material ) 
and glass. 
Don't expect 100 percent success in hatching eggs 
in these or any other incubators. Commercial hatcher­
ies with all their highly automatic and specialized 
equipment do not average much more than an 80 
percent hatch of all the eggs they incubate. You 
probably should not count on hatching more than 
50 percent, and you may not even succeed in hatch­
ing 50 percent. 
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A CARDBOARD BOX INCUBATORl 
The following supplies are needed to construct an 
inexpensive cardboard box incubator which will hold 
three dozen or more eggs: 
Two cardboard boxes, one 16/1 wide x 20/1 long x 
12Y2/1 high, the other 14/1 wide x 18/1 long x 
13/1 (or more) high 
Single-strength pane of glass 16" x 20" 

JA/I-mesh welded hardware cloth 18" x 22" 

Commercial heating unit or porcelain socket and 

light bulb 
Cake tin (water pan) 1Y2" deep x approximately 
9/1 x 14/1 
I Courtesy of E. A. Schono, Cornell University. 
T o p  v i e w  o f  a  c a r d b o a r d  b o x  i n c u b a t o r .  T h e  d r a w i n g s  o n  t h i s  
a n d  t h e  f o l l o w i n g  p a g e  w i l l  s h o w  y o u  h o w  t o  c o n s t r u c t  t h e  
b o x .  ( C o u r t e s y  o f  E .  A .  S c h a n o ,  C o r n e l l  U n i v e r s i t y . )  { F i g .  1 }  
G l u e  

M a s k i n g  o r  s c o t c h  t a p e  

N e w s p a p e r s  

T w o  b r o o d i n g  o r  i n c u b a t o r  t h e r m o m e t e r s  

T h e  i n c u b a t o r  i s  m a d e  i n  t h e  f o l l o w i n g  m a n n e r :  
1 .  P l a c e  t h e  s m a l l e r  b o x  i n s i d e  t h e  l a r g e r  o n e .  T h e  
i n n e r  b o x  s h o u l d  b e  h i g h e r  t h a n  t h e  o u t e r  b o x  a n d  
a p p r o x i m a t e l y  2  i n c h e s  s m a l l e r  i n  b o t h  l e n g t h  a n d  
w i d t h .  
2 .  M a r k  a  l i n e  o n  t h e  i n s i d e  b o x  a p p r o x i m a t e l y  
' i ' 4  i n c h  b e l o w  t h e  l e v e l  o f  t h e  o u t s i d e  b o x .  U s e  a  y a r d ­
s t i c k  t o  m a k e  a  s t r a i g h t  l i n e  o n  t h e  i n n e r  b o x  a f t e r  i t  
i s  r e m o v e d  f r o m  t h e  o u t e r  b o x .  
3 .  C u t  o f f  t h e  t o p  o f  t h e  i n s i d e  b o x  a l o n g  t h e  l i n e  
m a d e  i n  s t e p  n u m b e r  2 .  
4 .  U s e  c u t - a w a y  p i e c e s  o f  t h e  i n s i d e  b o x  t o  l i n e  
t h e  b o t t o m s  o f  b o t h  t h e  i n n e r  a n d  o u t e r  b o x e s  w h e r e  
t h e  f l a p s  d o  n o t  m e e t .  I f  t h e r e  a r e  n o  c u t - a w a y  p i e c e s ,  
u s e  p i e c e s  f r o m  a  t h i r d  b o x .  
5 .  P u t  g l u e  o n  t h e  b o t t o m  o f  t h e  i n n e r  b o x  a n d  
t h e n  c e n t e r  t h e  i n n e r  b o x  i n  t h e  o u t e r  o n e .  T h e r e  
s h o u l d  b e  a  I - i n c h  s p a c e  b e t w e e n  t h e  s i d e s  o f  t h e  
b o x e s .  S e c u r e  t h e  i n n e r  b o x  u n t i l  t h e  g l u e  d r i e s .  
6 .  M a r k  a  l i n e  o n  t h e  f l a p s  o f  t h e  o u t s i d e  b o x  w h e r e  
t h e y  c o m e  i n  c o n t a c t  w i t h  t h e  i n n e r  e d g e  o f  t h e  i n s i d e  
b o x .  
7 .  C u t  o f f  t h e  f l a p s  o f  t h e  o u t s i d e  b o x  a l o n g  t h e  
l i n e s  d r a w n  i n  s t e p  n u m b e r  6 .  C u t  t h e  c o r n e r  p i e c e s  
o n  a  d i a g o n a l  s o  t h a t  t h e y  w i l l  m a k e  a  n e a t ,  f l a t  c o r n e r .  
~ 
~ 
8 .  S t u f f  s t r i p s  o f  n e w s p a p e r  l i g h t l y  i n t o  t h e  s p a c e  
b e t w e e n  t h e  b o x e s .  D o  n o t  b u l g e  t h e  s i d e s  o f  t h e  i n ­
c u b a t o r .  W o o d  s h a v i n g s ,  e x c e l s i o r ,  o r  s t y r o f o a m  c a n  
b e  u s e d  i n  p l a c e  o f  t h e  n e w s p a p e r  s t r i p s .  
9 .  U s e  t i n  s n i p s  t o  c u t  a  2 - i n c h  s q u a r e  f r o m  e a c h  
c o r n e r  o f  t h e  ' i ' 4 - i n c h  m e s h  h a r d w a r e  c l o t h ,  t h e n  b e n d  
t h e  p r o j e c t i n g  p i e c e s  o f  t h e  s c r e e n  d o w n  s o  t h a t  t h e y  
f o r m  l e g s  t o  s u p p o r t  t h e  s c r e e n .  
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A PLYWOOD INCUBATORl 
The following materials are needed: 
Plywood 
Glass 
Cake tin 
Y<l"-mesh welded hardware cloth 
1 Courtesy of John Bezpo, Rutgers University. 
10. Place the cake tin, which will cover about one­
half of the surface area of the inside box, under the
hardware cloth screen. 
11. Install the commercial heating element as di­
rected in the instructions sent with the unit. If you
use an electric light for heat, mount the porcelain
socket on a board 6 inches square, then place the
mounting board on the screen. Next, place a tube of
cardboard around the light. Position the tube so that
it surrounds the light and stands like a chimney, but
to reduce the fire hazard do not let it come in contact
with either the light bulb or the covering glass. An
oatmeal box makes a good tube. End view of a plywood incubator. Note the tin vent covers for
control of humidity and temperature. Glass viewing top is12. Tape the flaps of the outer box to the sides of sealed at the sides with masking tape. (Courtesy of John Bezpa,the inner box. This seals the area in which the insu­ Rutgers University.) (Fig. 2)
lating material was placed. 
Side view of the plywood box incubator shown in Fig. 2.(Courtesy of John Bezpa, Rutgers University.) {Fig. 3} 
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H e a t i n g  u n i t :  e i t h e r  a  c o m m e r c i a l  u n i t  o r  p o r c e ­
l a i n  s o c k e t  a n d  l i g h t  b u l b  
M a s k i n g  t a p e  
Y o u  m a y  c o n s t r u c t  t h e  i n c u b a t o r  a c c o r d i n g  t o  t h e  
s i z e  d e s i r e d .  I t  c a n  b e  a  s m a l l  o n e  f o r  o n l y  a  f e w  e g g s ,  
o r  i t  c a n  b e  a  s o m e w h a t  l a r g e r  o n e  w h i c h  w i l l  h o l d  
s e v e r a l  d o z e n  e g g s .  T h e  l a r g e r  t h e  i n c u b a t o r ,  t h e  
m o r e  d i f f i c u l t  i t  w i l l  b e  t o  m a i n t a i n  a  u n i f o r m  t e m ­
p e r a t u r e  i n  i t .  I n  f a c t ,  y o u  m a y  f i n d  i t  i m p o r t a n t  i n  
t h e  l a r g e r  i n c u b a t o r  t o  p u t  i n  a  s m a l l  f a n  ( 3 - o r  4 - i n c h  
b l a d e  o r  s m a l l e r )  w i t h  a  l o w  r e v o l v i n g  r a t e .  F o r  d e ­
t a i l s  c o n c e r n i n g  t h e  c o n s t r u c t i o n  o f  a  s m a l l  i n c u b a t o r  
f o r  a b o u t  2 4  e g g s ,  s e e  F i g s .  2  a n d  3 .  
O T H E R  S O U R C E S  O F  I N C U B A T O R S  
S o m e  o f  t h e  c o m p a n i e s  w h i c h  m a n u f a c t u r e  s m a l l  
i n c u b a t o r s  a n d  i n c u b a t o r  p a r t s  a r e :  
B r o w e r  M f g .  C o .  
Q u i n c y ,  I l l i n o i s  
( I n c u b a t o r s ,  i n c u b a t o r  t h e r m o m e t e r s ,  a n d  c i r c u i t  
b r e a k e r s )  
F l e e t  M f g .  C o .  
P . O .  B o x  6 4 9  

G l e n d a l e ,  C a l i f o r n i a  

( S m a l l  i n c u b a t o r s  )  

L y o n  R u r a l  E l e c t r i c  C o .  
P . O .  B o x  3 0  
2 0 7 5  M o o r e  S t r e e t  
S a n  D i e g o ,  C a l i f o r n i a  9 2 1 1 2  
( I n c u b a t o r s ,  i n c u b a t o r  t h e r m o m e t e r s ,  t h e r m ­
o s t a t s ,  a n d  m i d g e t  i n c u b a t o r  k i t s  )  
M o n t g o m e r y  W a r d  &  C o .  
C h i c a g o ,  I l l i n o i s  6 0 6 0 7  
( F  a r m  c a t a l o g :  S m a l l  i n c u b a t o r s ,  i n c u b a t o r  
t h e r m o m e t e r s ,  a n d  t h e r m o s t a t s  )  
N a t i o n a l  A g r i c u l t u r a l  S u p p l y  C o .  
F t .  A t k i n s o n ,  W i s c o n s i n  
( S m a l l  i n c u b a t o r s )  
S e a r s  R o e b u c k  &  C o .  
C h i c a g o ,  I l l i n o i s  6 0 6 0 7  
( S u b u r b a n - F a r m  S u p p l i e s  a n d  F e n c i n g  C a t a l o g :  
S m a l l  i n c u b a t o r s ,  t h e r m o m e t e r s ,  a n d  t h e r m o s t a t s  )  
I N C U B A T I O N  P R O C E D U R E S  

O B T A I N I N G  H A T C H I N G  E G G S  
O b t a i n i n g  f e r t i l e  e g g s  m a y  p r e s e n t  a  p r o b l e m ,  e s ­
p e c i a l l y  i f  y o u  l i v e  i n  a n  u r b a n  a r e a .  M o s t  o f  t h e  e g g s  
s o l d  i n  g r o c e r y  s t o r e s  a r e  n o t  f e r t i l e  a n d  c a n n o t  b e  
u s e d  f o r  i n c u b a t i o n .  F e r t i l e  e g g s  c a n  u s u a l l y  b e  o b ­
t a i n e d  . f r o m  h a t c h e r i e s  o r  p o u l t r y  b r e e d i n g  f a r m s .  
L o o k  i n  t h e  y e l l o w  p a g e s  o f  y o u r  t e l e p h o n e  d i r e c t o r y  
f o r  n a m e s  o f  h a t c h e r i e s  a n d  p o u l t r y  b r e e d e r s .  O r  c o n ­
t a c t  t h e  f a r m  a d v i s e r  i n  y o u r  c o u n t y  a g r i c u l t u r a l  e x ­
t e n s i o n  s e r v i c e  o f f i c e  f o r  s u g g e s t i o n s .  
I f  p o s s i b l e ,  p i c k  u p  t h e  e g g s  y o u r s e l f  r a t h e r  t h a n  
h a v e  t h e m  s h i p p e d  o r  m a i l e d .  I t  i s  d i f f i c u l t  f o r  h a t c h ­
e r i e s ,  p o s t  o f f i c e s ,  a n d  t r a n s p o r t a t i o n  c o m p a n i e s  t o  
h a n d l e  s m a l l  o r d e r s  o f  e g g s  p r o p e r l y .  
C A R E  O F  E G G S  P R I O R  T O  I N C U B A T I O N  
T h e  h a t c h a b i l i t y  o f  e g g s  c a n  b e  s e v e r e l y  r e d u c e d  
b y  i m p r o p e r  c a r e  p r i o r  t o  i n c u b a t i o n .  S i n c e  i t  m a y  n o t  
b e  p r a c t i c a l  f o r  y o u  t o  p u t  t h e  e g g s  i n  a n  i n c u b a t o r  a s  
s o o n  a s  y o u  g e t  t h e m ,  p r o t e c t  t h e m  f r o m  e x t r e m e  
v a r i a t i o n s  i n  t e m p e r a t u r e .  I d e a l l y ,  e g g s  s h o u l d  n o t  b e  
m o r e  t h a n  7  d a y s  o l d  w h e n  t h e y  a r e  s e t  ( p l a c e d  i n  t h e  
i n c u b a t o r ) .  B e y o n d  t h a t  p o i n t ,  h a t c h a b i l i t y  d e c l i n e s .  
I f  i t  i s  n e c e s s a r y  t o  h o l d  t h e  e g g s  b e f o r e  y o u  s e t  
t h e m ,  t u m  t h e m  d a i l y  a n d  k e e p  t h e m  i n  a  r o o m  w h e r e  
t h e  t e m p e r a t u r e  i s  a r o u n d  5 0 °  F .  a n d  t h e  r e l a t i v e  
h u m i d i t y  i s  7 0  t o  8 0  p e r c e n t .  T h e  v e g e t a b l e  s e c t i o n  
o f  y o u r  r e f r i g e r a t o r  c o u l d  b e  u s e d  f o r  h o l d i n g  t h e  e g g s  
u n t i l  i t  i s  t i m e  t o  p l a c e  t h e m  i n  t h e  i n c u b a t o r .  T e m ­
p e r a t u r e s  b e l o w  4 0 °  F .  r e d u c e  h a t c h a b i l i t y .  U n d e r  n o  
c i r c u m s t a n c e s  s h o u l d  t h e  e g g s  b e  h e l d  a t  r o o m  t e m ­
p e r a t u r e ,  b e c a u s e  t e m p e r a t u r e s  o f  t h i s  l e v e l  a r e  
d e t r i m e n t a l  t o  h a t c h a b i l i t y .  E m b r y o s  w i l l  b e g i n  t o  
d e v e l o p  a t  s u b n o r m a l  r a t e s  w h e n  t h e  t e m p e r a t u r e  
r e a c h e s  a b o u t  8 0 °  F .  
L O C A T I O N  O F  I N C U B A T O R  
L o c a t e  y o u r  i n c u b a t o r  i n  a  r o o m  i n  w h i c h  t h e  
t e m p e r a t u r e  i s  b e t w e e n  7 0 °  a n d  7 5 °  F . ,  a n d  w h i c h  i s  
f r e e  f r o m  d r a f t s  a n d  e x c e s s i v e  v a r i a t i o n s  i n  t e m p e r ­
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ature. Do not place the incubator near windows 
where it will be exposed to the direct rays of the sun. 
The sun's rays may raise the temperature so much 
that all of the embryos will be destroyed. 
READYING THE INCUBATOR FOR OPERATION 
Before you set the eggs, be sure that the incubator is 
in good working order. Put some warm water in the 
water pan, place each thermometer so that the bulb 
of the thermometer is 1 inch above the screen, cover 
the incubator with the pane of glass, and then operate 
the incubator until the temperature inside it holds at 
99 ° to 103° F. 
Adjust the thermostat to control temperature in an 
incubator with a commercial heating unit. In an 
incubator with a light-bulb unit, control the temper­
ature by adjusting the size of the opening at the top 
by moving the pane of glass back from the edge of 
the incubator, unless a thermostat has been installed. 
If you are using a plywood incubator, adjust the open­
ings as necessary. Or in either incubator you can 
adjust the heat by using bulbs of different sizes. Forty­
watt bulbs will be about the right size for most incu­
bators. Make certain that the sides and top of the 
incubator fit closely so that no heat is lost. You may 
need to make many adjustments to reach a proper 
setting. 
PREPARING THE EGGS FOR INCUBATION 
Eggs must be turned while in the incubator, so be­
fore you put in the eggs mark them with a pencil so 
you can tell when they have been properly turned. 
An excellent method is to put an "X" on one side of 
the egg and an "0" on the opposite side. Then you 
can always tell when the eggs have been turned, 
because either all "0" 's or all "X" 's are turned up 
at the same time. 
HUMIDITY 
Nature has provided that the eggs shall dry out to 
some extent during incubation (Fig. 4). This loss 
should be about 11 percent of the original weight, but 
any more than this is detrimental. Water must be 
placed in the incubator to avoid excessive moisture 
loss. Keep a pan of water inside at all times. The 
surface area of the pan should be about as large as the 
tray of eggs. 
7th Day 
14th Day 
18th Day 
Size of the air cell in the egg on the 7th, 14th, and 18th days 
of incubation. (Fig. 4) 
The amount of opening in the incubator also influ­
ences the level of humidity. When the humidity is too 
high, open the vents all the way on the plywood 
incubator or slide the glass further back on the card­
board incubator. When humidity is too low, the open­
ings should be more nearly closed, but never com­
pletely so. Weather conditions will affect the relative 
humidity in the incubator. 
The ideal moisture level is about 50 to 55 percent 
relative humidity (83 ° -87 ° F on a wet bulb thermom­
eter) for the first 18 days and about 65 percent (89°­
90° F wet bulb) for the last 3 days. Excessive drying 
because of low humidity will cause the chick to stick 
to the shell and fail to survive. Some variation above 
or below the ideal level usually will not affect hatch­
ability drastically. Frequently, school incubators have 
too much ventilation and, therefore, too little moisture. 
This results in delayed or reduced hatches. 
When you refill the water pan, use warm water. 
Hot or cold water will affect the temperature of the 
incubator too much. To increase the humidity level 
the last three days, set an extra pan of water in the 
incubator. Or you can put a wet sponge in the incu­
bator to raise the humidity. A word of caution: Do 
not let the eggs come into direct contact with the 
water at any time. 
TEMPERATURE 
Temperature in the still-air incubator can vary from 
99° to 103° F. with no harmful effects if the temper­
ature varies between these limits rather than staying at 
either extreme. If it stays at either extreme for several 
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d a y s ,  t h e  h a t c h  m a y  b e  r e d u c e d  s o m e w h a t .  O v e r ­
h e a t i n g  i s  m u c h  m o r e  c r i t i c a l  t h a n  u n d e r h e a t i n g .  
O v e r h e a t i n g  w i l l  r e s u l t  i n  a b n o r m a l  e m b r y o s ,  s p e e d  
u p  d e v e l o p m e n t ,  a n d  l o w e r  h a t c h a b i l i t y .  A  t h e r ­
m o m e t e r  s h o u l d  b e  i n  t h e  c e n t e r  o f  t h e  i n c u b a t o r  i f  
p o s s i b l e ,  a n d  t h e  b u l b  o f  t h e  t h e r m o m e t e r  s h o u l d  b e  
l e v e l  w i t h ,  b u t  n o t  t o u c h i n g ,  t h e  t o p s  o f  t h e  e g g s .  I f  
l i g h t  b u l b s  a r e  u s e d  t o  s u p p l y  t h e  h e a t  t h e y  s h o u l d  b e  
d i s t r i b u t e d  a s  e v e n l y  a s  p o s s i b l e  i n  t h e  i n c u b a t o r .  
V E N T I L A T I O N  
P r o p e r  v e n t i l a t i o n  i s  v e r y  i m p o r t a n t  d u r i n g  t h e  i n ­
c u b a t i o n  p r o c e s s .  W h i l e  t h e  e m b r y o  i s  d e v e l o p i n g ,  
o x y g e n  e n t e r s  t h e  e g g  t h r o u g h  t h e  s h e l l ,  a n d  c a r b o n  
d i o x i d e  e s c a p e s  i n  t h e  s a m e  m a n n e r .  A s  t h e  c h i c k s  
b e g i n  t o  h a t c h ,  i t  i s  e s s e n t i a l  t h a t  t h e y  r e c e i v e  a n  
i n c r e a s i n g  s u p p l y  o f  o x y g e n .  T h i s  m e a n s  t h a t  t h e  a i r  
o p e n i n g s  n e e d  t o  b e  o p e n e d  g r a d u a l l y  t o  i n c r e a s e  t h e  
f l o w  o f  a i r .  
L E N G T H  O F  I N C U B A T I O N  
C h i c k e n  e g g s  r e q u i r e  2 1  d a y s  t o  h a t c h ,  b u t  t h e  
i n c u b a t i o n  p e r i o d  f o r  t h e  e g g s  o f  o t h e r  s p e c i e s  o f  
p o u l t r y  v a r i e s .  T h e  a p p r o x i m a t e  p e r i o d s  o f  i n c u b a ­
t i o n  r e q u i r e d  f o r  v a r i o u s  s p e c i e s  o f  p o u l t r y  a n d  g a m e  
b i r d s  a r e :  
D a y s  
C h i c k e n  . . . . . . . . . . . . . . . . . . .  .  2 1  
T u r k e y .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  .  .  .  .  2 8  
D u c k  . . . . . .  ,  . . .  . . .  . . .  . . .  . . .  2 8  
M u s c o v y  d u c k  . . . . . . . . . . . . . . . 3 3 - 3 5  

G o o s e  . . . . . . . . . . . . . . . . . . . . . . 2 9 - 3 1  

G u i n e a  . . . . . . . . . . . . . . . . . . . . . 2 6 - 2 8  

P i g e o n  . . . . . . . . . . . . . . . . . . . . . 1 6 - 1 8  

R i n g - n e c k  p h e a s a n t  . . . . . . . . . . 2 3 - 2 4  

M o n g o l i a n  p h e a s a n t  . . . . . . . . . . 2 4 - 2 5  

B o b w h i t e  q u a i l  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2 3  

J a p a n e s e  q u a i l .  . . . . . . . . . . . . . .  1 7 - 1 8  

C h u k a r  p a r t r i d g e  . . . . . . . . . . . . 2 2 - 2 3  

P e a f o w l .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  2 8  

T U R N I N G  T H E  E G G S  
W h e n  t h e  e g g s  a r e  p u t  i n  t h e  i n c u b a t o r ,  l a y  t h e m  
o n  t h e i r  s i d e s  a n d  t u r n  t h e m  a t  l e a s t  t h r e e  t i m e s  a  
d a y .  T u r n i n g  p r e v e n t s  t h e  e m b r y o  f r o m  s t i c k i n g  t o  
t h e  s h e l l  m e m b r a n e s  a s  i t  w i l l  d o  i f  i t  i s  l e f t  i n  o n e  
p o s i t i o n  t o o  l o n g .  G o o d  r e s u l t s  c a n  b e  o b t a i n e d  b y  
t u r n i n g  t h e  e g g s  t h e  f i r s t  t h i n g  i n  t h e  m o r n i n g ,  a g a i n  
a t  n o o n ,  a n d  t h e  l a s t  t h i n g  a t  n i g h t .  B u t  i t  i s  b e t t e r  
t o  t u r n  t h e  e g g s  m o r e  t h a n  t h r e e  t i m e s  a  d a y .  I n  a n y  
c a s e  t h e y  s h o u l d  b e  t u r n e d  a n  o d d  n u m b e r  o f  t i m e s  
s o  t h a t  t h e  s i d e  t h a t  i s  u p  l o n g e s t  w i l l  b e  s t a g g e r e d  
f r o m  d a y  t o  d a y .  O t h e r w i s e  t h e  e g g  w i l l  b e  i n  t h e  1\  
s a m e  p o s i t i o n  e v e r y  n i g h t ,  w h i c h  i s  t h e  l o n g e s t  s t r e t c h  
o f  t i m e  b e t w e e n  t u r n s .  
W h e n  y o u  t u r n  t h e  e g g s ,  m o v e  t h e m  t o  a  d i f f e r e n t  
p a r t  o f  t h e  t r a y  t o  o f f s e t  v a r i a t i o n s  i n  t e m p e r a t u r e  
i n  t h e  d i f f e r e n t  p a r t s  o f  t h e  i n c u b a t o r .  C o n t i n u e  t o  
t u r n  t h e  e g g s  f r o m  t h e  f i r s t  t h r o u g h  t h e  1 7 t h  d a y s  
b u t  d o  n o t  t u r n  t h e m  a f t e r  t h e  1 7 t h  d a y .  
T E S T I  N  G  T H E  E G G S  
A l t h o u g h  i t  i s  n o t  n e c e s s a r y  t o  t e s t  e g g s  f o r  f e r t i l i t y ,  
y o u  c a n  e l i m i n a t e  t h e  e g g s  w h i c h  a r e  n o t  g o i n g  t o  
h a t c h  b y  d o i n g  s o .  I t  i s  a l s o  a n  i n t e r e s t i n g  p h a s e  o f  t h e  
p r o j e c t ,  s i n c e  i t  i s  p o s s i b l e  t o  s e e  c l e a r l y  t h e  d e v e l o p i n g  
e m b r y o .  
G e t  a  s h o e  b o x  o r  a  b o x  o f  s i m i l a r  d i m e n s i o n  m a d e  
f r o m  w o o d  o r  t i n  a n d  c u t  a  h o l e  i n  o n e  e n d  a b o u t  
o n e  i n c h  i n  d i a m e t e r  .  U s e  a n  e x t e n s i o n  c o r d  a n d  
m o u n t  a  6 0 - w a t t  b u l b  i n  t h e  b o x .  D a r k e n  t h e  r o o m  
a n d  h o l d  t h e  l a r g e  e n d  o f  t h e  e g g  t o  t h e  l i g h t .  W h a t  
y o u  w i l l  s e e  d e p e n d s  m o s t l y  o n  t h e  a g e  o f  t h e  e m b r y o .  
I t  i s  d i f f i c u l t  t o  s e e  m u c h  d e v e l o p m e n t  u n t i l  t h e  4 t h  
o r  5 t h  d a y  o f  i n c u b a t i o n .  
T h e  f i r s t  p a r t s  o f  t h e  e m b r y o  w h i c h  y o u  w i l l  b e  a b l e  
t o  s e e  b y  c a n d l i n g  w i l l  b e  t h e  h e a d  a n d  e y e ,  a n d  t h e y  
w i l l  a p p e a r  a s  a  d a r k  o b j e c t .  I f  t h e  e m b r y o  i s  a l i v e  
a n d  c i r c u l a t i o n  i s  e s t a b l i s h e d ,  t h e  c o n t e n t s  o f  t h e  e g g  
w i l l  h a v e  a  p i n k i s h  c o l o r  o r  c a s t .  B u t  i f  t h e  e m b r y o  
i s  d e a d  t h e  c o n t e n t s  w i l l  a p p e a r  m u d d y  o r  b r o w n i s h .  
T h e  l i v e  a n d  g r o w i n g  e m b r y o  w i l l  e v e n t u a l l y  o c c u p y  
a l l  o f  t h e  i n t e r i o r  o f  t h e  e g g  a n d  w i l l  n o t  t r a n s m i t  
l i g h t ;  t h u s ,  i t  w i l l  b e  i m p o s s i b l e  t o  s e e  a n y t h i n g  b u t  t h e  
a i r  c e l l  a t  t h e  e n d  o f  t h e  i n c u b a t i o n  p e r i o d .  I n f e r t i l e  
e g g s  a n d  e a r l y  d e a d  e m b r y o s  c a n  b e  d e t e c t e d  r e a d i l y  
b e c a u s e  t h e y  a p p e a r  c l e a r .  
R e m o v i n g  t h e  e g g s  f r o m  t h e  i n c u b a t o r  f o r  c a n d l i n g  
d o e s  l i t t l e  h a r m  i f  y o u  h a n d l e  t h e m  g e n t l y .  I t  m a y  
s l o w  u p  d e v e l o p m e n t  o f  t h e  c h i c k ,  t h o u g h ,  d e p e n d i n g  
u p o n  h o w  m u c h  t h e  e g g  i s  c o o l e d .  G e n e r a l l y ,  i f  t h e  
e g g s  a r e  r e m o v e d  f r o m  t h e  i n c u b a t o r  t w o  o r  t h r e e  
t i m e s  f o r  a  p e r i o d  o f  n o  m o r e  t h a n  1 5  m i n u t e s  e a c h ,  
s u c h  c o o l i n g  w i l l  m a k e  l i t t l e  d i f f e r e n c e  i n  t h e  t o t a l  
i n c u b a t i o n  t i m e  r e q u i r e d  f o r  h a t c h i n g .  O n  t h e  o t h e r  
h a n d ,  i f  t h e  e g g s  a r e  c o o l e d  f o r  s e v e r a l  h o u r s  b e c a u s e  
o f  p o w e r  f a i l u r e  o r  s o m e  o t h e r  r e a s o n ,  h a t c h i n g  t i m e  
m a y  b e  d e l a y e d .  I t  i s  a s  i m p o r t a n t  n o t  t o  c o o l  t h e  e g g s  
t o o  l o n g  a s  i t  i s  t o  a v o i d  o v e r h e a t i n g .  
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FINAL STAGES OF INCUBATION 
After the 17th day, eggs should not be turned, and 
the incubator should not be opened unless it becomes 
necessary to add water, replace a light bulb, or make 
some other necessary adjustment. Chicks will start to 
pip the shell around the 19th day. All chicks which 
are going to hatch should be out of their shells by the 
21 st day. If the eggs were chilled or you ran into 
operational difficulties during the incubation period, 
the hatch may be delayed. Chicks that hatch beyond 
the 22nd day are usually not healthy, vigorous ones. 
When most of the eggs are hatched, lower the 
temperature to approximately 95 0 F. This permits 
the newly-hatched chicks to dry off. At this time, 
all the air vents in the plywood incubator should be 
opened, and the glass top on the cardboard incubator 
should be opened wider. 
HOW THE CHICK EMERGES FROM THE SHELL 
The head of the chick develops at the large end of 
the egg. Between the 15th and 16th days, the chick 
orients itself so that its head is near the air cell at the 
large end of the egg. Not long before the chick is 
ready to attempt to make its way out of the shell its 
neck acquires a double bend so that its beak is under 
its right wing and pointed toward the air cell. About 
the 19th day the chick thrusts its head forward. Its 
beak quickly breaks through the inner shell membrane, 
and the chick's lungs begin to function. Complete 
breathing by the lungs usually does not occur until the 
20th day of incubation. 
Using its egg tooth (a tiny, sharp, horny projection 
on the end of its beak), the chick pecks at the shell 
thousands of times. Finally, the young bird pips its 
way through the shell and begins to breathe air 
directly from the outside. After the chick has made a 
hole in the shell, it stops pipping for three to eight 
hours and rests. During this time, it is acclimating its 
lungs to the outside atmosphere. After the resting 
stage is completed, the second stage of pipping begins. 
The chick begins to turn slowly inside the egg. As 
it turns, usually counter-clockwise, the cutting edge of 
the chick tooth continues to chip away. In two to 
five hours, the chick has made about three quarters of 
a turn inside the egg. As the chick progresses in its 
movement around the shell, it begins pushing on the 
egg cap (large end). Squirming and struggling, the 
chick works feverishly for about 40 minutes pushing 
at the cap. Finally with a vigorous shove, the chick 
breaks free from the shell, still wet and panting. 
When the chick is freed completely from the shell, 
it lies still. Its energy has been virtually exhausted, 
and it is extremely tired. After a rest of some few 
minutes, the chick begins to rise to its feet and gain 
coordination of its muscles. Within a few days the 
egg tooth, its usefulness over, will disappear. 
REASONS FOR POOR HATCHES 
1. 	 Infertile eggs. 
2. 	 Eggs too old when set. 
3. 	 Parent stock weak, unhealthy, or fed a nutritionally de­
ficient diet. 
4. 	 Improper care of eggs prior to incubation. 
5. 	Shell contamination. 
6. Eggs not turned often enough. 
7. 	 Temperatures too high, too low, or too variable during 
incubation. 
8. Too little humidity 	in the incubator or occasionally too 
much. 
9. 	 Improper ventilation. 
10. Oxygen starvation. 
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W H A T  T O  D O  A F T E R  T H E  C H I C K S  H A T C H  
A s  s o o n  a s  t h e  c h i c k s  h a v e  d r i e d  a n d  f l u f f e d  u p  
c o m p l e t e l y ,  r e m o v e  t h e m  f r o m  t h e  i n c u b a t o r  a n d  
p l a c e  t h e m  i n  h o l d i n g  q u a r t e r s  w h e r e  t h e  t e m p e r a t u r e  
i s  a p p r o x i m a t e l y  9 5  
0  
F .  T h e n  g i v e  t h e m  f r e s h  w a t e r  
a n d  f e e d .  R e a r i n g  t h e  c h i c k s  a s  a  p r o j e c t  h a s  c e r t a i n  
l i m i t a t i o n s ,  b u t  i f  t h e y  a r e  t o  b e  k e p t  f o r  a  f e w  d a y s ,  
t h e y  s h o u l d  b e  g i v e n  a  c h i c k - s t a r t i n g  m a s h  o b t a i n a b l e  
a t  a n y  f e e d  o r  f a r m  s u p p l y  s t o r e .  F r e s h  w a t e r  i s  a l s o  
i m p o r t a n t .  
S i n c e  t h e  d i s p o s a l  o f  d a y - o l d  o r  s t a r t e d  c h i c k s  m a y  
b e  d i f f i c u l t ,  h a v e  t h e  s o l u t i o n  t o  t h i s  p r o b l e m  w o r k e d  
o u t  b e f o r e  y o u  u n d e r t a k e  t h i s  p r o j e c t .  I f  y o u  a r e  
g o i n g  t o  r e a r  t h e  c h i c k s  a t  h o m e ,  s e c u r e  y o u r  p a r e n t s '  
p e r m i s s i o n  a n d  c o o p e r a t i o n  i n  a d v a n c e .  
C l e a n i n g  t h e  i n c u b a t o r .  W h e n  t h e  h a t c h  i s  c o m ­
p l e t e d ,  d i s c o n n e c t  t h e  i n c u b a t o r .  R e m o v e  a l l  s h e l l s  
a n d  u n h a t c h e d  e g g s  a n d  w i p e  t h e  i n t e r i o r  c l e a n  w i t h  
a  s o a p y  s p o n g e .  P e r m i t  t h e  i n c u b a t o r  t o  a i r  d r y  f o r  
s e v e r a l  d a y s  b y  l e a v i n g  t h e  d o o r  o p e n .  
C l e a n i n g  c a n  b e  m a d e  e a s i e r  i f  y o u  p l a c e  a  l a y e r  o r  
t w o  o f  c h e e s e c l o t h  o r  c r i n o l i n e  o n  t h e  r a c k  o n  t h e  
1 7 t h  o r  1 8 t h  d a y  o f  i n c u b a t i o n  t o  c a t c h  t h e  e g g  s h e l l s  
a n d  o t h e r  d e b r i s .  T h i s  w i l l  a l s o  h e l p  t o  p r e v e n t  i n j u r y  
t o  t h e  c h i c k s '  n a v e l s .  A f t e r  t h e  c h i c k s  a r e  r e m o v e d  
t h e  c h e e s e c l o t h  c a n  b e  d i s c a r d e d .  
F O R M A T I O N  A N D  P A R T S  O F  T H E  E G G  
I n c u b a t i o n  i s  n o t  t h e  o n l y  p r o j e c t  a  s t u d e n t  m a y  
u n d e r t a k e  w i t h  e g g s ,  a n d  i n  t h e  r e m a i n d e r  o f  t h i s  
c i r c u l a r  w e  s h a l l  l o o k  i n t o  s o m e  o f  t h e  m o r e  c o m p l i ­
c a t e d  a n d  t e c h n i c a l  p r o j e c t s  t h a t  a r e  o f  i n t e r e s t .  L e t  
u s  s t a r t  b y  p a y i n g  s o m e  c l o s e  a t t e n t i o n  t o  t h e  e g g  
i t s e l f .  
T h e  a v i a n  e g g  i s  o n e  o f  n a t u r e ' s  f i n e s t  f o o d s .  T h e  
y o l k ,  w h i t e ,  a n d  s h e l l  o f  t h e  e g g  c o n t a i n  a l l  t h e  p r o ­
t e i n s ,  f a t s ,  c a r b o h y d r a t e s ,  m i n e r a l s ,  a n d  v i t a m i n s  
n e c e s s a r y  t o  n o u r i s h  t h e  e m b r y o  d u r i n g  t h e  2 1 - d a y  
i n c u b a t i o n  p e r i o d .  
S i n c e  t h e  e m b r y o  a c t u a l l y  b e g i n s  w i t h  t h e  f o r m a ­
t i o n  o f  t h e  e g g  w i t h i n  t h e  h e n ' s  b o d y ,  s o m e  u n d e r ­
s t a n d i n g  o f  t h e  f o r m a t i o n  o f  t h e  e g g  w i l l  l e a d  t o  a  
B  O V I D U C T  
b e t t e r  c o m p r e h e n s i o n  o f  e m b r y o n i c  d e v e l o p m e n t .  T h e  
o I n f u n d i b u l u m  
m a j o r  r e p r o d u c t i v e  o r g a n s  o f  t h e  h e n  a r e  t h e  o v a r y  
f )  M a g n u m  
o I s t h m u s
a n d  t h e  o v i d u c t  ( F i g s .  5  a n d  6 ) .  
G  U t e r u s
T h e  f e m a l e s  o f  m o s t  a n i m a l s  h a v e  t w o  f u n c t i o n a l  
e  V a g i n a
o C l o a c a  
f )  V e n t  
A  O V A R Y  
o t y i a t u r e  Y o l k  w I t h i n  
Y o l k  S a c  o r  F o l l i c l e  
f )  I m m a t u r e  Y o l k  
e  E m p t y  F o l l i c l e  
o S t i g m a  o r  S u t u r e  L i n e  
A  h e n ' s  r e p r o d u c t i v e  s y s t e m .  T h e  p o s i t i o n  o f  t h e  o v a r y  i n  t h e  
P o s i t i o n  o f  t h e  o v a r y  i n  a  h e n .  ( F r o m  E g g  G r a d i n g  M a n u a l ,  
h e n ' s  b o d y  i s  s h o w n  i n  F i g .  5 .  ( F r o m  E g g  G r a d i n g  M a n u a l ,  
U S D A  A g r i c u l t u r a l  H a n d b o o k  N o .  7 5 ,  J u l y ,  1 9 6 1 . )  ( F i g .  5 )  
U S D A  A g r i c u l t u r a l  H a n d b o o k  N o .  7 5 ,  J u l y ,  1 9 6 1 . )  ( F i g .  6 )  
1 0  
ovaries, but the hen has only one. The right ovary 
stops developing when the female chick is hatched, 
but the left one continues to develop. The left ovary 
will contain up to about 4,000 tiny ova from which 
the full-sized yolks will develop when the hen matures. 
Each yolk or ovum is contained in a thin membra­
nous follicle. Blood vessels in the follicle carry nutrients 
to the developing yolks. When a yolk matures, the fol­
licle ruptures along a line relatively free from blood 
vessels known as the stigma, and the yolk is released. 
The yolk is kept intact by the vitelline membrane 
surrounding it. 
Upon release from the follicle, the yolk drops into 
the body cavity. There the infundibulum, or funnel, 
engulfs the yolk and starts it on its way down the 
oviduct. The oviduct is more than two feet long and 
is lined with glands which secrete the materials for 
the albumen, shell membranes, and shell. Twenty­
four hours or more are required from the time the 
yolk is released until the completed egg is laid. 
The fertilized egg is a highly complex reproductive 
cell and is potentially a small center of new life (Fig. 
ALBUMEN 
oute r th in 
7). The germinal disc from which new life develops 
is attached to the yolk of the egg. Surrounding and 
protecting the germ cell and yolk is the white or 
albumen consisting of several layers. 
The albumen is somewhat elastic, and it is a shock­
absorbing, semi-solid material with a high water 
content. The albumen and the yolk of the egg serve 
as food for the growing embryo during the incubation 
period. On opposite sides of the yolk are two twisted, 
whitish cord-like objects known as chalazae. They 
anchor the yolk and keep it from rising and touching 
the shell. Nature provided them also to serve as a 
rotating axis to keep the germ cell on the top side of 
the yolk and, therefore, next to the heat of the hen's 
body. So, the yolk and albumen work together to 
protect and sustain the life of the growing embryo. 
Around the albumen and yolk are two shell mem­
branes and the shell itself. These give protection to 
both the yolk and albumen, and the shell provides 
for an exchange of gases and serves as a method of 
conserving the food and water supply incased within 
the shell for the benefit of the developing embryo. 
YOLK 
MEMBRANE 
Ai r cell 
Outer shell membrane 
Inner shell membrane 
The parts of an egg. (From Egg Grading Manual, USDA Agricultural Handbook No. 75, July, 1961.) {Fig. 7} 
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D E V E L O P M E N T  A N D  P R E S E R V A T I O N  O F  E M B R Y O S  

S T A G E S  O F  E M B R Y O N I C  D E V E L O P M E N T  
S h o r t l y  a f t e r  t h e  o v u m  h a s  b e e n  r e l e a s e d  f r o m  t h e  
h e n ' s  o v a r y ,  i t  i s  p i c k e d  u p  b y  t h e  f u n n e l  o r  i n f u n d i ­
b u l u m .  S p e r m  f r o m  t h e  m a l e  a r e  f o u n d  i n  t h e  f o l d s  
o f  t h e  i n f u n d i b u l u m .  S o o n  a f t e r  t h e  o v u m  i s  p i c k e d  
u p  b y  t h e  i n f u n d i b u l u m ,  m a n y  s p e r m  c o n t a c t  t h e  
g e r m i n a l  d i s c ,  b u t  o n l y  o n e  u n i t e s  w i t h  t h e  g e r m .  
T h u s  f e r t i l i z a t i o n  o c c u r s  a b o u t  2 4  h o u r s  b e f o r e  t h e  
e g g  i s  l a i d .  
S i n c e  t h e  f e r t i l i z e d  g e r m i n a l  d i s c ,  o r  b l a s t o d e r m ,  
s p e n d s  a b o u t  2 4  h o u r s  i n  t h e  w a r m t h  o f  t h e  h e n ' s  
b o d y  ( a b o u t  1 0 7 °  F .  )  w h i l e  t h e  e g g  i s  b e i n g  c o m ­
p l e t e d ,  c e r t a i n  s t a g e s  o f  e m b r y o n i c  d e v e l o p m e n t  o c c u r  
d u r i n g  t h a t  t i m e .  A b o u t  t h r e e  h o u r s  a f t e r  f e r t i l i z a t i o n  
t h e  n e w l y  f o r m e d  s i n g l e  c e l l  d i v i d e s  a n d  m a k e s  t w o  
c e l l s .  T h e n  t h e r e  a r e  f o u r ,  e i g h t ,  s i x t e e n ,  a n d  m o r e .  
C e l l  d i v i s i o n  c o n t i n u e s  u n t i l  t h e r e  a r e  m a n y  c e l l s  
g r o u p e d  i n  a  s m a l l ,  w h i t i s h  s p o t  v i s i b l e  o n  t h e  u p p e r  
s u r f a c e  o f  t h e  e g g  y o l k .  
W h e n  t h e  e g g  i s  l a i d  a n d  i t s  t e m p e r a t u r e  d r o p s  
b e l o w  a b o u t  8 0 °  F . ,  c e l l  d e v e l o p m e n t  c e a s e s .  C o o l i n g  
a t  o r d i n a r y  t e m p e r a t u r e s  w i l l  n o t  k i l l  t h e  e m b r y o ,  a n d  
i t  w i l l  b e g i n  t o  d e v e l o p  a g a i n  w h e n  t h e  e g g  i s  p l a c e d  
i n  t h e  i n c u b a t o r .  K e e p i n g  e g g s  a t  t e m p e r a t u r e s  a b o v e  
a b o u t  8 0 °  F .  p r i o r  t o  i n c u b a t i o n  w i l l  c a u s e  a  s l o w  
g r o w t h  w h i c h  l e a d s  t o  a  w e a k e n i n g  a n d  e v e n t u a l  
d e a t h  o f  t h e  e m b r y o .  
D u r i n g  i n c u b a t i o n  v a r i o u s  p r o c e s s e s  o c c u r .  T h e y  
a r e  m a i n l y  r e s p i r a t i o n ,  e x c r e t i o n ,  n u t r i t i o n ,  a n d  p r o ­
t e c t i o n .  E x t r a e m b r y o n i c  m e m b r a n e s  a r e  m e m b r a n e s  
o u t s i d e  t h e  e m b r y o ' s  b o d y  w h i c h  m a k e  t h e s e  f u n c t i o n s  
p o s s i b l e  ( F i g .  8 ) .  T h e  e x t r a e m b r y o n i c  m e m b r a n e s  
a r e  t h e  y o l k  s a c ,  a m n i o n ,  a l l a n t o i s ,  a n d  c h o r i o n .  
T h e  y o l k  s a c  i s  a  l a y e r  o f  t i s s u e  g r o w i n g  o v e r  t h e  
s u r f a c e  o f  t h e  y o l k .  I t s  w a l l s  a r e  l i n e d  w i t h  a  s p e c i a l  
t i s s u e  w h i c h  d i g e s t s  a n d  a b s o r b s  t h e  y o l k  m a t e r i a l .  
T h e  a m n i o n  i s  a  t r a n s p a r e n t  s a c  f i l l e d  w i t h  a  c o l o r l e s s  
f l u i d .  T h e  a m n i o n  a n d  a m n i o t i c  f l u i d  p r o v i d e  p r o t e c ­
t i o n  f r o m  m e c h a n i c a l  s h o c k  a n d  p e r m i t  t h e  d e v e l o p i n g  
e m b r y o  t o  e x e r c i s e .  
R e s p i r a t i o n  b y  t h e  e m b r y o  i s  m a d e  p o s s i b l e  b y  t h e  
a l l a n t o i s .  B l o o d  v e s s e l s  i n  t h e  a l l a n t o i s  b r i n g  o x y g e n  
t o  t h e  e m b r y o  a n d  t a k e  c a r b o n  d i o x i d e  a w a y _  T h e  
a l l a n t o i s  a l s o  s t o r e s  e x c r e t i o n s ,  a b s o r b s  a l b u m e n  u s e d  
a s  f o o d  b y  t h e  e m b r y o ,  a n d  a b s o r b s  c a l c i u m  f r o m  t h e  
s h e l l  f o r  t h e  s t r u c t u r a l  n e e d s  o f  t h e  e m b r y o .  T h e  
a l l a n t o i s  c e a s e s  t o  f u n c t i o n  w h e n  t h e  c h i c k  p u n c t u r e s  
t h e  a i r  c e l l  a n d  s t a r t s  t o  b r e a t h e  o n  i t s  o w n .  
A  f o u r t h  m e m b r a n e  ( n o t  s h o w n  i n  F i g .  8 ) ,  t h e  
c h o r i o n ,  s u r r o u n d s  b o t h  t h e  a m n i o n  a n d  y o l k  s a c .  
I n i t i a l l y  t h e  c h o r i o n  h a s  n o  a p p a r e n t  f u n c t i o n ,  b u t  
l a t e r  t h e  a l l a n t o i s  f u s e s  w i t h  i t  t o  f o r m  t h e  c h o r i o ­
a l l a n t o i s  m e m b r a n e .  N o n e  o f  t h e s e  e x t r a e m b r y o n i c  
m e m b r a n e s  b e c o m e  a  p a r t  o f  t h e  c h i c k .  
S T U D Y I N G  E M B R Y O N I C  D E V E L O P M E N T  
Y o u  c a n  s t u d y  t h e  e x t e r n a l  f o r m  o f  c h i c k e n  e m ­
b r y o s  a t  v a r i o u s  s t a g e s  o f  d e v e l o p m e n t .  B e g i n n i n g  
w i t h  t h e  3 r d  o r  4 t h  d a y  o f  i n c u b a t i o n  y o u  c a n ,  b y  
c a r e f u l l y  b r e a k i n g  o p e n  a n  e g g  e a c h  d a y ,  o b s e r v e  
m a n y  e v e n t s  i n  t h e  d e v e l o p m e n t  o f  e m b r y o s .  A n d  i t  
i s  e a s y  t o  p r e s e r v e  t h e  e m b r y o s  f o r  d i s p l a y  o r  a d d i ­
t i o n a l  s t u d y .  
T o  s t u d y  t h e  e a r l y  e m b r y o n i c  d e v e l o p m e n t  f r o m  t h e  
b e g i n n i n g  t o  t h e  4 t h  d a y  o f  i n c u b a t i o n ,  y o u  w i l l  n e e d  
t o  p r e p a r e  a  s e t  o f  w h o l e  m o u n t s  a n d  o b s e r v e  t h e m  
u n d e r  a  m i c r o s c o p e .  T h i s  i s  a  r a t h e r  e x a c t i n g  p r o ­
c e d u r e  w h i c h  r e q u i r e s  c o n s i d e r a b l e  t i m e .  I t  s h o u l d  
n o t  b e  a t t e m p t e d  b y  t h e  y o u n g e r  s t u d e n t  o r  4 - H  
m e m b e r .  
A L L A N T O I S  

V E S S E L S 

\  

\  

\  

A M N I O N  
S A C  
V '  
V I T E L L I N E  V E S S E L S  
S e v e n - d a y  o l d  e m b r y o  w i t h  i t s  e m b r y o n i c  m e m b r a n e s  a n d  
e m b r y o n i c  b l o o d  v e s s e l s .  ( S l i g h t l y  m o d i f i e d  f r o m  D u v a l ,  i n  
A .  L .  R o m a n o f f ,  C o r n e l l  R u r a l  S c h o o l  L e a f l e t ,  S e p t e m b e r ,  
1 9 3 9 . )  ( F i g .  8 )  
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Bone formation and growth can be studied by clear­
ing and staining the embryo. This process requires 
advanced and exacting techniques, considerable time 
and equipment, and some financial outlay. There­
fore, clearing and staining of embryos should be at­
tempted only by the advanced student under the 
supervision of an experienced person. 
If you plan to study the different stages of em­
bryonic development by one or more of the above 
methods, be sure to incubate enough eggs for this pur-
ALBUMEN 
5 DAYS 10 DAYS 
Successive changes in the posItIOn of 
the chick embryo and its embryonic 
membranes. (From A. L. Romanoff, 
Cornell Rural School Leaflet, Sep­
tember, 1939.) (Fig. 9) 
15 DAYS 20 DAYS 
IMPORTANT EVENTS IN EMBRYONIC DEVELOPMENT 
(From A. L. Romanoff - Cornell Rural School Leaflet, September 1939.) 
BEFORE EGG LAYING 
Fertilization 
Division and growth of living cells 
Segregation of cells into groups of special function 
BETWEEN LAYING AND INCUBATION 
No growth; stage of inactive embryonic life 
DURING INCUBATION 
FIRST DAY: 
16 hours - First sign of resemblance to a chick embryo 
18 hours - Appearance of alimentary tract 
20 hours - Appearance of vertebral column 
21 hours - Beginn ing of formation of nervous system 
22 hours - Beginning of formation of head 
23 hours - Appearance of blood islands - vitelline 
circulation 
24 hours - Beginning of formation of eye 
SECOND DAY: 

25 hours - Beginning of formation of heart 

35 hours - Beginning of formation of ear 

42 hours - Heart begins to beat 

THIRD DAY : 

50 hours - Beginning of formation of amnion 

60 hours - Beginning of formation of nose 

62 hours - Beginning of formation of legs 

64 hours - Beginning of formation of wings 

70 hours - Beginning of formation of allantois 

FOURTH DAY: Beginning of formation of tongue 
FIFTH DAY: Beginning of formation of reproductive 
organs and differentiation of sex 
SIXTH DAY: Beginning of formation of beak and egg-
tooth 
EIGHTH DAY: Beginning of formation of feathers 
TENTH DAY: Beginning of hardening of beak 
THIRTEENTH DAY: Appearance of scales and claws 
FOURTEENTH DAY: Embryo turns its head toward the 
blunt end of egg 
SIXTEENTH DAY: Scales, claws, and beak becoming 
firm and horny 
SEVENTEENTH DAY: Beak turns toward air cell 
NINETEENTH DAY: Yolk sac begins to enter body 
cavity 
TWENTIETH DAY: Yolk sac completely drawn into 
body cavity; embryo occupies practically all the space 
within the egg except the air cell 
TWENTY-FIRST DAY : Hatching of chick 
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p o s e .  T h e  s t a g e s  o f  e m b r y o n i c  d e v e l o p m e n t  a r e  l i s t e d  
i n  t h e  T a b l e  o n  p a g e  1 3  ( s e e  a l s o  F i g s .  9  a n d  1 0 ) .  
Y o u  w i l l  n o t  b e  a b l e  t o  s e e  a l l  o f  t h e s e  w i t h  t h e  n a k e d  
e y e .  B u t  j u s t  b y  b r e a k i n g  a n d  o b s e r v i n g  a n  e g g  e a c h  
d a y  y o u  c a n  i d e n t i f y  m a n y  o f  t h e  s t a g e s .  
P r e s e r v i n g  e m b r y o s .  Y o u  c a n  e i t h e r  b r e a k  o p e n  a n  
e g g  a n d  pres~rve t h e  e m b r y o  e a c h  d a y ,  o r  y o u  c a n  s e t  
e g g s  o n  s u c c e e d i n g  d a y s  a n d  d o  t h e m  a l l  a t  o n e  t i m e .  
M o s t  s t u d e n t s  p r e f e r  t o  d o  o n e  e g g  e a c h  d a y ,  b e c a u s e  
d o i n g  a l l  s t a g e s  a t  o n e  t i m e  w i l l  r e q u i r e  s e v e r a l  h o u r s .  
B r e a k  t h e  e g g  g e n t l y  i n  t h e  r e g i o n  o f  t h e  a i r  c e l l ,  
w h i c h  i s  a t  t h e  l a r g e  e n d  o f  t h e  e g g .  U s e  b l u n t  t w e e z ­
e r s  t o  p e e l  a w a y  t h e  u p p e r  p o r t i o n  o f  t h e  s h e l l  a n d  
s h e l l  m e m b r a n e s  a n d  t o  s e p a r a t e  t h e  e m b r y o  f r o m  
t h e  r e m a i n d e r  o f  t h e  e g g .  R e m o v e  a l l  e x t r a e m b r y o n i c  
m e m b r a n e s ,  a n d  w i t h  s m a l l  s c i s s o r s  s e v e r  t h e  u m b i l i c a l  
s t a l k  n e a r  t h e  b o d y  w a l l .  W a s h  t h e  e m b r y o  g e n t l y  
a n d  t h o r o u g h l y  i n  r u n n i n g  t a p  w a t e r  t o  i n s u r e  a  n i c e ,  
c l e a n  a p p e a r a n c e .  B e  c a r e f u l  n o t  t o  l o s e  t h e  e m b r y o ,  
e s p e c i a l l y  t h o s e  i n  t h e  e a r l y  s t a g e s  o f  d e v e l o p m e n t .  
I f  y o u  w a n t  t o  m a k e  c l o s e - u p  p i c t u r e s  o r  s l i d e s ,  
p l a c e  t h e  e m b r y o  i n  a  s m a l l  p e t r i  d i s h  o r  s i m i l a r  c o n ­
t a i n e r .  T h e n  t o  p r e s e r v e  t h e  e m b r y o ,  p l a c e  i t  i n  a  1 0  
1  d a y  
2  d a y s  
3  d a y s  
p e r c e n t  s o l u t i o n  o f  f o r m a l i n  ( 1  p a r t  o f  3 7  p e r c e n t  
f o r m a l d e h y d e  w i t h  9  p a r t s  o f  w a t e r )  i n  g l a s s  j a r s  w i t h  
s c r e w  c a p s .  S m a l l  b a b y  f o o d  j a r s  a r e  e x c e l l e n t  f o r  t h i s  
p u r p o s e .  U s e  a  g a l l o n  j u g  o r  s i m i l a r  c o n t a i n e r  t o  
p r e p a r e  t h e  f o r m a l i n  - n e v e r  u s e  a  m e t a l  c o n t a i n e r .  
L a b e l  e a c h  j a r  w i t h  p e r t i n e n t  i n f o r m a t i o n .  T h i s  
m i g h t  i n c l u d e  s p e c i e s ,  v a r i e t y ,  a g e  o f  e m b r y o ,  d a t e ,  
a n d  s i m i l a r  i n f o r m a t i o n .  
P r e p a r i n g  w h o l e  m o u n t s .  E a r l y  e m b r y o n i c  d e ­
v e l o p m e n t  b e t w e e n  z e r o  a n d  f o u r  d a y s  o f  i n c u b a t i o n  
c a n  b e  s t u d i e d  b y  p r e p a r i n g  w h o l e  m o u n t s  o f  e m b r y o s  
a n d  e x a m i n i n g  t h e m  u n d e r  a  m i c r o s c o p e .  T h i s  i s  a  
d i f f i c u l t  p r o c e d u r e ,  s o  y o u  w i l l  n e e d  t o  a r r a n g e  w i t h  
a n  e x p e r i e n c e d  p e r s o n  f o r  g u i d a n c e  a n d  c o u n s e l .  
T h e  f i r s t  s t e p  i n  p r e p a r i n g  w h o l e  m o u n t s  i s  f i x i n g  
t h e  e m b r y o ,  t h a t  i s ,  p r e s e r v i n g  t h e  a c t u a l  f o r m  o f  t h e  
e m b r y o  a n d  p r o d u c i n g  o p t i c a l  d i f f e r e n c e s  i n  i t s  s t r u c ­
t u r e  o r  m a k i n g  i t  p o s s i b l e  t o  p r o d u c e  t h e s e  d i f f e r e n c e s  
i n  s u b s e q u e n t  t r e a t m e n t .  
T h e  c h i c k  e m b r y o ,  a l b u m e n ,  a n d  y o l k  m u s t  b e  r e ­
m o v e d  f r o m  t h e  s h e l l  a n d  t h e  e m b r y o  t h e n  s e p a r a t e d  
f r o m  t h e  a l b u m e n  a n d  y o l k  b e f o r e  t h e  e m b r y o  c a n  b e  
f i x e d .  S i n c e  t h e  e a r l y  s t a g e s  o f  e m b r y o n i c  d e v e l o p ­
4  d a y s  
5  d a y s  6  d a y s  
7  d a y s  
( 0 . 0 0 0 2  g r a m )  
( 0 . 0 0 3  g r a m )  
( 0 . 0 2  g r a m )  
( 0 . 0 5  g r a m )  
( 0 . 1 3  g r a m )  
( 0 . 2 9  g r a m )  ( 0 . 5 7  g r a m )  
8  d a y s  
9  d a y s  
1 0  d a y s  
1 1  d a y s  
1 2  d a y s  
1 3  d a y s  
1 4  d a y s  
( 1 . 1 5  g r a m s )  
( 1 . 5 3  g r a m s )  
( 2 . 2 6  g r a m s )  
( 3 . 6 8  g r a m s )  
( 5 . 0 7  g r a m s )  
( 7 . 3 7  g r a m s )  
( 9 . 7 4  g r a m s )  
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1 5  d a y s  
( 1 2 . 0 0  g r a m s )  
1 6  d a y s  
( 1 5 . 9 8  g r a m s )  
1 7  d a y s  
( 1 8 . 5 9  g r a m s )  
1 8  d a y s  
( 2 1 . 8 3  g r a m s )  
1 9  d a y s  
( 2 5 . 6 2  g r a m s )  
2 0  d a y s  
( 3 0 . 2 1  g r a m s )  
2 1  d a y s  
( H a t c h e d )  
D a i l y  c h a n g e s  i n  t h e  w e i g h t  a n d  f o r m  o f  t h e  d e v e l o p i n g  c h i c k  e m b r y o  -
C o r n e l l  R u r a l ,  S c h o o l  L e a f l e t ,  S e p t e m b e r ,  1 9 3 9 . )  
i n  t h i s  c a s e  W h i t e  L e g h o r n .  
( F r o m  A .  L .  R o m a n o f f ,  
( F i g .  1 0 )  
1 4  
ment are the most difficult to work with, you should 
start with a 4- or 5-day-old embryo and work back 
to the I-day embryo. 
Advanced students who want to prepare whole 
mounts of embryos can find the procedures in such 
works as Animal Micrology, Introduction to Verte­
brate Embryology, and Handbook of Microscopal 
T echnique (see the reference list on page 16). 
Clearing and staining embryos. Bone formation 
and growth in chick embryos can be studied by clear­
ing and staining the embryos. First the embryo must 
be fixed. Then it must be cleared, that is, made more 
transparent. Finally it is stained with a color such as 
alizarin red S, so that the skeletal structure can be 
readily seen. 
As is true of preparing whole mounts, clearing and 
staining requires advanced techniques. So it should 
not be attempted except by the advanced student 
under the supervision of a qualified person. Pro­
cedures for clearing and staining embryos can be 
found in such references as Introduction to Vertebrate 
Embryology, Staining the Skeleton of Cleared Em­
bryos with Alizarin Red S, Alizarin Red S and Tolui­
dine Blue for Differentiating Adult or Embryonic 
Bone and Cartilage, and Bone Development in the 
Chick Embryo. (See the reference list.) 
COLORING CHICK EMBRYOS 

Coloring embryos by injecting dye into eggs before 
they hatch has been practiced for a number of years. 
It is done to identify the young of certain hatches or 
groups. And it makes it easier to observe movements 
of wild birds (especially water fowl) after they leave 
the nests. 
The process of coloring chicks by injecting dye into 
the eggs also provides an opportunity to study early 
feather growth. Juvenile plumage will replace the 
colored down in about two weeks. As this happens, 
the dyed background amid new growing feathers pro­
vides a constantly changing pattern. 
While it is possible to inject eggs from about the 
10th to 19th days of incubation, the period from the 
11th to 14th days appears to be ideal. Only one 
treatment is necessary if the injection is done at this 
time. When injections are made after the 14th day 
the color usually remains localized because the embryo 
occupies most of the egg; so it may be necessary to 
inject the egg in more than one place. 
Harmless vegetable dyes, such as food coloring 
dyes sold in grocery stores, work very satisfactorily. 
Most of these dyes are sold in concentrations of 2 
percent and 3 percent solution and are suitable for 
direct injection into the egg. No further dilution or 
sterilization is necessary. Dyeing by injection of the 
egg will not affect the chick's health, appetite, or 
growth. 
Different colors of dyes can be used. Red, green, 
and blue usually give the clearest and most distinct 
results. Yellow and orange vary only in intensity and 
do not give sharp differences. Different colors can be 
blended from the primary colors. Best results can be 
obtained by using naturally white chicks. 
When you are ready to make the injections, remove 
the eggs from the incubator, candle them, and dis­
card any infertile ones or those which contain dead 
embryos. Work with only as many eggs as you can 
complete in one-half hour or less. This will avoid 
excessive chilling. Wipe the small end of each egg 
with a 95 percent alcohol solution to sterilize the area 
where the shell will be punctured. Tincture of iodine 
(2 percent) or merthiolate can be used in place of 
alcohol. Allow the eggs to dry. 
b~~~~~lnner Shell 
Membrane 
Needle 
Albumen 
Cross section of an 11-day old embryo showing the site of 
injection. (Fig. 11) 
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A t  a  p o i n t  a b o u t  o n e - h a l f  i n c h  f r o m  t h e  s m a l l  e n d  
o f  t h e  e g g  ( s e e  F i g .  1 1  ) ,  m a k e  a  s m a l l  h o l e  i n  t h e  s h e l l  
w i t h  a  s h a r p  p r o b e ,  s u c h  a s  a  d i s s e c t i n g  n e e d l e  o r  l a r g e  
h y p o d e r m i c  n e e d l e .  T h e  h o l e  s h o u l d  b e  j u s t  l a r g e  
e n o u g h  f o r  t h e  h y p o d e r m i c  n e e d l e  y o u  u s e  t o  i n j e c t  
t h e  d y e .  
I n j e c t  a b o u t  0 . 2  t o  0 . 5  c c  o f  d y e  i n t o  t h e  e g g  w i t h  
a  s t e r i l e  h y p o d e r m i c  n e e d l e  a n d  s y r i n g e .  U s e  a  2 2  
t o  2 7  g a u g e  n e e d l e ,  %  t o  1  i n c h  l o n g .  T h e  a m o u n t  o f  
d y e  i n j e c t e d  w i l l  a f f e c t  t h e  d e g r e e  o f  c o l o r i n g  s o m e ­
w h a t .  R e l e a s e  t h e  d y e  g e n t l y  a n d  s l o w l y  ( t o  p r e v e n t  
o v e r f l o w )  j u s t  b e n e a t h  t h e  i n n e r  s h e l l  m e m b r a n e .  T o  
a v o i d  i n j u r y  t o  t h e  e m b r y o ,  b e  c a r e f u l  n o t  t o  p e n e ­
t r a t e  t o o  d e e p l y .  
C l o s e  t h e  h o l e  i n  t h e  s h e l l  w i t h  a  d r o p  o f  m e l t e d  
p a r a f f i n ,  f a s t - d r y i n g  c e m e n t ,  c o l l o d i o n ,  o r  a  p i e c e  o f  
p l a s t i c  t a p e  c u t  f r o m  a  B a n d  A i d .  R e t u r n  t h e  e g g s  t o  
t h e  i n c u b a t o r .  I f  y o u  h a n d l e  t h e  e g g s  c a r e f u l l y  a n d  
u s e  c l e a n  t e c h n i q u e s ,  t h e y  s h o u l d  h a t c h  i n  t h e  n o r m a l  
t i m e  a n d  r a t e  f o r  t h e  c o n d i t i o n s  u n d e r  w h i c h  y o u  
i n c u b a t e  t h e m .  
I f  y o u  w i s h  t o  d o  a d d i t i o n a l  r e a d i n g  o n  c o l o r i n g  
e m b r y o s ,  a  g o o d  r e f e r e n c e  i s  " A  M e t h o d  o f  C o l o r  
M a r k i n g  Y o u n g  W a t e r f o w l , "  b y  C .  D .  E v a n s ,  J o u r n a l  
o f  W i l d l i f e  M  a n a g e m e n t
J  
V o l u m e  1 5 ,  N o .  1  ( p a g e s  
1 0 1 - 1 0 3  ) ,  1 9 5 1 .  
A D D I T I O N A L  R E F E R E N C E S  

I f  y o u  w i s h  t o  g o  d e e p e r  i n t o  t h e  s t u d y  o f  i n c u b a ­
t i o n  a n d  e m b r y o n i c  d e v e l o p m e n t ,  t h e  p u b l i c a t i o n s  
l i s t e d  b e l o w  p r o v i d e  b o t h  t e c h n i c a l  a n d  n o n - t e c h n i c a l  
i n f o r m a t i o n .  S o m e  o f  t h e s e  r e f e r e n c e s  s h o u l d  b e  
a v a i l a b l e  i n  y o u r  l o c a l  p u b l i c ,  s c h o o l ,  o r  c o l l e g e  
l i b r a r i e s .  
A n o n y m o u s .  A  D o u b l e  " A "  i n  B i o l o g y .  L i f e  M a g a z i n e  V o l .  
4 7 ,  N o .  2 3 ,  D e c e m b e r  7 ,  1 9 5 9 .  ( G o o d  c o l o r  i l l u s t r a t i o n s  o f  
e m b r y o  d e v e l o p m e n t . )  
B a l i n s k y ,  B .  I .  A n  I n t r o d u c t i o n  t o  E m b r y o l o g y .  W .  B .  
S a u n d e r s  C o . ,  P h i l a d e l p h i a ,  1 9 6 0 .  
C a r d ,  L .  E .  P o u l t r y  P r o d u c t i o n  ( 9 t h  e d . ) .  L e a  &  F  e b i g e r  
C o . ,  P h i l a d e l p h i a ,  1 9 6 1 .  ( H a s  i n f o r m a t i o n  o n  f e r t i l i t y  a n d  
h a t c h a b i l i t y  o f  e g g s ,  i n c u b a t i o n ,  a n d  e m b r y o  d e v e l o p m e n t .  )  
E v a n s ,  C .  D .  A  M e t h o d  o f  C o l o r  M a r k i n g  Y o u n g  W a t e r f o w l .  
J o u r n a l  o f  W i l d l i f e ,  V o l .  1 5 ,  N o . 1 ,  1 9 5 1 .  ( H i g h l y  r e c o m ­
m e n d e d . )  
F u n k ,  E .  M . ,  a n d  I r w i n ,  M .  R .  H a t c h e r y  O p e r a t i o n  a n d  
M a n a g e m e n t .  J o h n  W i l e y  &  S o n s ,  N e w  Y o r k ,  1 9 5 5 .  
( I n t e n d e d  f o r  u s e  b y  c o m m e r c i a l  h a t c h e r y  o p e r a t o r s ,  b u t  
c o n t a i n s  u s e f u l  i n f o r m a t i o n  f o r  t h e  s t u d e n t . )  
G r a y ,  P e t e r .  H a n d b o o k  o f  B a s i c  M i c r o t e c h n i q u e  ( 2 n d  e d . ) .  
M c G r a w - H i l l  B o o k  C o . ,  N e w  Y o r k ,  1 9 5 8 .  
G u y e r ,  M .  F .  A n i m a l  M i c r o l o g y  ( 5 t h  e d . ) .  T h e  U n i v e r s i t y  
o f  C h i c a g o  P r e s s ,  C h i c a g o ,  1 9 5 3 .  ( F o r  s t u d e n t s  w h o  w a n t  
t o  p r e p a r e  m o u n t s  o f  e m b r y o s . )  
H a m b u r g e r ,  V . ,  a n d  H a m i l t o n ,  H .  L .  A  S e r i e s  o f  N o r m a l  
S t a g e s  i n  t h e  D e v e l o p m e n t  o f  t h e  C h i c k  E m b r y o .  J o u r n a l  
o f  M o r p h o l o g y ,  V o l .  8 8 ,  N o . 1 ,  1 9 5 1 .  ( G o o d  i n f o r m a t i o n  
f o r  s t u d e n t s  a b l e  t o  o b t a i n  t h i s  j o u r n a l .  )  
H a m i l t o n ,  H .  L .  L i l l i e ' s  D e v e l o p m e n t  o f  t h e  C h i c k  ( 3 r d  
e d . ) .  H e n r y  H o l t  &  C o . ,  N e w  Y o r k ,  1 9 5 2 .  ( A  h i g h l y  
r e c o m m e n d e d  b o o k  o n  t h i s  s u b j e c t . )  
H u e t t n e r ,  A .  F .  F u n d a m e n t a l s  o f  C o m p a r a t i v e  E m b r y o l o g y  
o f  t h e  V e r t e b r a t e s .  T h e  M a c m i l l a n  C o . ,  N e w  Y o r k ,  1 9 4 7 .  
L i p m a n ,  H .  J .  S t a i n i n g  t h e  S k e l e t o n  o f  C l e a r e d  E m b r y o s  
w i t h  A l a z a r i n  R e d  S .  S t a i n  T e c h n o l o g y ,  V o l .  1 0 ,  N o . 2 ,  
1 9 3 5 .  ( A  u s e f u l  a r t i c l e  f o r  s t u d e n t s  w h o  h a v e  a c c e s s  t o  
b a c k  i s s u e s  o f  t h i s  j o u r n a l . )  
M c C l u n g ,  C .  E .  H a n d b o o k  o f  M i c r o s c o p a l  T e c h n i q u e  ( 3 r d  
e d . ) .  H a r p e r  &  B r o t h e r s ,  N  e w  Y o r k ,  1 9 5 0 .  
N e e d h a m ,  J .  B i o c h e m i s t r y  a n d  M o r p h o g e n e s i s .  T h e  M a c ­
m i l l a n  C o . ,  N e w  Y o r k ,  1 9 4 2 .  
P a t t e n ,  B .  M .  E a r l y  E m b r y o l o g y  o f  t h e  C h i c k  ( 4 t h  e d . ) .  T h e  
B l a k i s t o n  C o . ,  N e w  Y o r k ,  1 9 5 2 .  ( R e c o m m e n d e d  f o r  t h o s e  
w i s h i n g  t o  s t u d y  t h e  e m b r y o l o g y  o f  t h e  c h i c k .  )  
R o m a n o f f ,  A .  L .  T h e  A v i a n  E m b r y o .  T h e  M a c m i l l a n  C o . ,  
N e w  Y o r k ,  1 9 6 0 .  
R o m a n o f f ,  A .  L .  F r o m  t h e  E g g  t o  t h e  C h i c k .  C o r n e l l  R u r a l  
S c h o o l  L e a f l e t ,  V o l .  3 3 ,  N o . 1 ,  C o r n e l l  U n i v e r s i t y ,  I t h a c a ,  
N .  Y . ,  1 9 3 9 .  
R o m a n o f f ,  A .  L . ,  a n d  R o m a n o f f ,  A .  J .  T h e  A v i a n  E g g .  
J o h n  W i l e y  &  S o n s ,  N e w  Y o r k ,  1 9 4 9 .  ( D e t a i l e d  i n f o r m a t i o n  
o n  f o r m a t i o n ,  s t r u c t u r e ,  a n d  c h e m i s t r y  o f  e g g s .  )  
S h u m w a y ,  W .  I n t r o d u c t i o n  t o  V e r t e b r a t e  E m b r y o l o g y .  J o h n  
W i l e y  &  S o n s ,  N e w  Y o r k ,  1 9 4 2 .  
S n e d e c o r ,  S .  B o n e  D e v e l o p m e n t  i n  t h e  C h i c k  E m b r y o .  S c i ­
e n c e  W o r l d ,  V o l .  2 ,  N o . 5 ,  A p r i l  4 ,  1 9 6 2 .  
T a y l o r ,  L .  W .  ( e d i t o r ) .  F e r t i l i t y  a n d  H a t c h a b i l i t y  o f  C h i c k e n  
a n d  T u r k e y  E g g s .  J o h n  W i l e y  &  S o n s ,  N e w  Y o r k ,  1 9 4 9 .  
W i l l i a m s ,  T .  W . ,  J r .  A l i z a r i n  R e d  S  a n d  T o l u i d i n e  B l u e  f o r  
D i f f e r e n t i a t i n g  A d u l t  o r  E m b r y o n i c  B o n e  a n d  C a r t i l a g e .  
S t a i n  T e c h n o l o g y ,  V o l .  1 6 ,  N o . 1 ,  1 9 4 1 .  ( R e c o m m e n d e d  
f o r  a d v a n c e d  s t u d e n t s . )  
W i n t e r ,  A .  R . ,  a n d  F u n k ,  E .  M .  P o u l t r y  S c i e n c e  a n d  P r a c t i c e .  
J .  B .  L i p p i n c o t t  C o . ,  N e w  Y o r k ,  1 9 6 0 .  ( A  g e n e r a l  p o u l t r y  
b o o k  w i t h  i n f o r m a t i o n  o n  f e r t i l i t y ,  h a t c h a b i l i t y ,  a n d  p r i n ­
c i p l e s  o f  i n c u b a t i o n . )  
l O M - 2 - 6 4 - 8 1 9 5 7  
1 6  
